Since carcinoma of the pancreas is so difficult to cure and its aetiology remains obscure. it is important to investigate potential risk factors such as partial gastrectomy. Several reports have indicated an increased incidence of pancreatic cancer in patients undergoing gastric resection (Ross et al.. 1982 : Mack et al.. 1986 : Caygill et al.. 1987 : Offerhaus et al.. 1987 : Mills et al.. 1988 : Tersmette et al.. 1990 . but other work is contradictory (Maringhini et al.. 1987 : Tomaszewska & Stachura. 1988 : Vecchia et al.. 1990 ). The former popularity of partial gastrectomy for treating peptic ulcer disease. often in young patients. means that there are many patients alive today who could be at risk of cancer of the pancreas as well as cancer in the gastric stump (Schrumpf et al.. 1977) .
In the alimentary canal. carcinogenesis can be enhanced by luminal factors acting directly on the mucosa to produce hyperplasia (Rainey et al.. 1984; Houghton et al.. 1987) . but in the pancreas any such influence seems to be exerted indirectly through humoral and or neural mechanisms. Cholecystokinin (CCK) promotes pancreatic carcinogenesis in the rat-azaserine model, in which the population of atypical acinar cell foci (AACF) of acidophilic type reflects the ultimate number of malignant tumours. Long-term administration of exogenous CCK increases the number of these preneoplastic AACF (Douglas et al.. 1989a) . and the CCK antagonist CR-1409 blocks this effect (Douglas et al.. 1989b) . The promoting effect of pancreatobiliary diversion on experimental pancreatic carcinogenesis may also be mediated through a sustained increase in circulating CCK (Stewart et al.. 1991 . Although partial gastrectomy does not increase fasting levels of CCK in man or the rat, the CCK response to ingested fat is markedly greater in both species (Hopman et al.. 1984; Inoue et al.. 1987; Malfertheiner et al.. 1987) .
We have tested the hypothesis that partial gastrectomy enhances expenrmental pancreatic carcinogenesis. using quantitative estimation of AACF to show early malignant change and measuring CCK secretion to determine its intermediary role. We avoided any independent effect of duodenogastric reflux. which may itself enhance pancreatic carcinogenesis (unpublished data), by using Roux-en-Y reconstruction after partial gastrectomy rather than a Polya procedure. Int.. Bristol). using an algon'thm based on that of Campbell et al. (Campbell et al.. 1982) (Table I) There were five premature deaths from anastomotic leakage with granuloma formation and intestinal obstruction (two in gastrectomy-azaserine rats and one in each other group). Yields of healthy survivors were as follows: control-saline.
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nine: control-azaserine. nine: gastrectomry-saline. nine and gastrectomy-azaserine. eight.
There were no differences in body weight between the four groups. Although both absolute and relatiVe pancreatic w-eights of rats With gastrectomy were greater than those of controls. the differences did not reach a significant level. Macroscopic examination of the pancreas at autopsy revealed numerous small white elevated nodules on the surface of the glands of azaserine-treated animals. particularlv those With gastnc resection.
Plasma CCK (Figure 2 ) Partial gastrectomy increased basal circulating CCK concentrations by 46%. Following the test meal. the plasma CCK response at 5 min in rats with gastrectomy was greater than in controls (52% vs 41% increments over basal). At 15 and 30 min. plasma CCK levels remained 19% greater than those of controls, but these differences did not show statistical significance.
Quantitative analvsis of AACF No pancreatic carcinomas were found. Acidophilic AACF. the putative precancerous lesions, were only seen in azasenne-treated rats (Table II) , whereas a few basophilic foci appeared in controls as well (Table III) (Rao et al., 1982; Roebuck et al., 1984) , and they were only found in rats receiving azaserine. Acidophilic AACF show considerable growth potential with a mitotic index (2.75) which greatly exceeds that of basophilic foci (0.125) or normal pancreas (zero) (Scarpelli et al., 1984) . Their increased number after gastrectomy mirrored our subjective assessment that there were many more macroscopic nodules on the surface of the pancreas in these rats. We encountered fewer AACF in all groups compared with Longnecker's reports (Longnecker et al., 1977; Roebuck et al., 1985) and our own previous experience (Stewart et al., 1991) , probably because of the relatively large size of rat chosen to facilitate the gastric operation. Likewise, no actual carcinomas were found in the pancreas, although Longnecker and Curphey reported a few of these lesions at 1 year when much younger rats were given azaserine (Longnecker & Curphey, 1975) . Although quantitative analysis showed that the population of basophilic foci was also increased in both number and size after partial gastrectomy, the relevance of this finding is doubtful since most modulators of the postinitiation phase of pancreatic carcinogenesis have little effect on basophilic foci (Roebuck et al., 1982; Roebuck et al., 1985) . Partial gastrectomy alters circulating levels of several gut peptides, notably gastrin. pancreatic polypeptide and CCK (Inoue et al.. 1987; Malfertheiner et al., 1987 : Rieu et al.. 1990 CCK response is in line with other reports both in man and the rat (Hopman et al., 1984; Inoue et al.. 1987 : Malfertheiner et al.. 1987 . but unlike other authors we also found a higher basal level. Previous studies were undertaken either 2 weeks after partial gastrectomy in rats or 1 month after partial gastrectomy in man: our data suggest that hypercholecystokininaemia persists for up to 15 months and may even increase with time.
Since direct infusion of the fatty meal into the small bowel circumvented any variability in gastric emptying. the increased CCK release after partial gastrectomy may be due to an increased responsiveness of CCK-secreting cells. Diversion of pancreatobiliary secretions from the jejunal limb of a Rouxen-Y anastomosis can cause mucosal hyperplasia (Miazza et al.. 1982) . and this hyperplastic response might well involve the enteroendocrine cells and lead to increased cholecvstokinin production. Lower concentrations of intraluminal protease have been shown in patients with subtotal gastric resection in the early phase after a fatty meal (MacGregor et al.. 1977) . Similar protease reduction in the rat might also contribute to an increased CCK response. since low levels of intraluminal trypsin are known to stimulate CCK release (Louie et al.. 1986 : Calam et al.. 1987 . Although CCK stimulates pancreatic growth. the fact that there is a loss of the normal pancreatic response to several tropic hormones (including CCK) with advancing age (Greenberg et al.. 1986 : Poston et al.. 1991 ) might explain the non-significant increase in pancreatic weight 15 months after partial gastrectomy.
Data from an experimental rat model can only be of tentative relevance to man. Although our rats received a carcinogen, patients with previous partial gastrectomy have increased levels of nitrites and n-nitroso compounds in gastric juice. and these substances can act as pancreatic carcinogens (Schlag et al.. 1980) . Nitrosamines could be absorbed and subsequently secreted into the pancreatic juice or might reflux from the duodenum into the pancreatic duct. thereby inducing pancreatic cancer. The combination of increased postprandial CCK release and greater exposure to pancreatic carcinogens might explain the increase in pancreatic cancer risk after gastrectomy. Our unpublished data showing only a few acidophilic AACF 6 months after a similar partial zastrectomv in rats underline the importance of a long-term experiment for a clear-cut effect to emerge. They could also explain why an increased risk of pancreatic cancer in man only appears to reach statistical significance 20 years after gastric resection (Cavgill et al.. 1987 : Tersmette et al.. 1990 ).
